The mechanism of status epilepticus-induced neuronal death in the immature brain is not fully understood. In the present study, we examined the contribution of caspases in our lithium-pilocarpine model of status epilepticus in 14 days old rat pups. In CA1, upregulation of caspase-8, but not caspase-9, preceded caspase-3 activation in morphologically necrotic cells. Pretreatment with a pan-caspase inhibitor provided neuroprotection, showing that caspase activation was not an epiphenomenon but contributed to neuronal necrosis. By contrast, upregulation of active caspase-9 and caspase-3, but not caspase-8, was detected in apoptotic dentate gyrus neurons, which were immunoreactive for doublecortin and calbindin-negative, two features of immature neurons. These results suggest that, in cells which are aligned in series as parts of the same excitatory hippocampal circuit, the same seizures induce neuronal death through different mechanisms. The regional level of neuronal maturity may be a determining factor in the execution of a specific death program.
Introduction
The immature brain is thought to be more susceptible but less vulnerable to status epilepticus (SE) than the adult brain. Epidemiologic data indicate that the immature brain is highly susceptible to developing epileptic seizures (Hauser, 1994) and that SE occurs more frequently in children than in adults (DeLorenzo et al., 1995 (DeLorenzo et al., , 1996 . Experimental SE induces neuronal death in the developing brain (Thompson and Wasterlain, 1997; Thompson et al., 1998; Sankar et al., 1998; Kubova et al., 2001; Silva et al., 2005; Nairismagi et al., 2006) , but its mechanisms have not been fully characterized.
In our experimental model of SE induced by lithium-pilocarpine in 14-day-old (P14) rat pups (Sankar et al., 1998 , Suchomelova et al 2006 , neuronal damage predominates in CA1 pyramids and is milder in dentate gyrus (DG). One to three days following SE, many CA1 neurons have ultrastructural features of necrosis characterized by severe cytoplasmic swelling, pyknosis of the nucleus and tigroid fragmentation of the chromatin (Niquet et al., 2007) . Interestingly, DNA fragmentation, detected by TUNEL assay, and caspase-3 activation were found in many CA1 eosinophilic neurons displaying pyknotic nuclei (Tan et al., 2002; Niquet et al., 2007) . These findings raise the possibility that SE induces neuronal necrosis in the developing brain through a caspase-dependent program, but light microscopy could not unequivocally show whether necrosis and caspase activation occurred in the same cells. We have previously reported the contribution of a mitochondrial mechanism involving caspase activation to neuronal necrosis following hypoxiaischemia or glutamate-induced excitotoxicity (Niquet et al., 2003 (Niquet et al., , 2006 Seo et al., 2009 ). The present study used postembedding EM immunohistochemistry to examine these mechanisms in seizureinduced neuronal injury.
Traditional mechanisms for caspase-3 activation involve the intrinsic and extrinsic cell death pathways, through caspase-9 and caspase-8 activation, respectively (Kroemer et al., 2007) . In adult rats, seizures can activate either the intrinsic or the extrinsic pathway of cell death (Henshall et al., 2001a, b) . This study carried out a semiquantitative analysis to determine the hippocampal distribution and the time course of caspase-3, -9 and -8 activation and/or expression following SE in the immature brain. We found that injured CA1 and DG neurons both expressed the active form of caspase-3, but showed upregulation of different initiator caspases: caspase-8 was upregulated in CA1, while active caspase-9 was upregulated in DG, demonstrating that the same seizures can lead to region-specific cell death pathways. Furthermore, the highly differentiated CA1 neurons displayed the morphological features of necrosis, the most common
